Purpose -Despite the established significance of underlying accident causes to health and safety (H&S), and the persistent reporting of the underlying accident causal influence of construction project features (CPFs) which emanate from pre-construction decisions, no empirical research has focussed on CPFs in terms of assessing their degree of potential to influence accident occurrence. This study therefore investigates this facet of the accident causal influence of CPFs. Design/methodology/approach -A mixed method design was used involving semi-structured interviews, and a questionnaire survey of UK construction professionals. Findings -CPFs generally have a moderate or a high potential to influence accident occurrence, implying a fair or severe potential to cause harm in terms of the H&S of workers. The degree of potential of CPFs to influence accident occurrence is influenced by: the extent to which certain proximate causes of accidents are common/prevalent within CPFs; and the degree of potential of those proximate causes to influence accident occurrence. Originality/value -These findings provide insight into the H&S consequences of CPFs, awareness of which is essential if pre-construction project participants are to implement appropriate risk control measures especially in the early phases of projects to mitigate the accident causal influence of CPFs. The findings reinforce the contribution of clients and their design and project management teams to accident causation, the significance of the early planning of H&S in construction project delivery, and the importance of driving mechanisms such as the Construction (Design and Management) Regulations 2007.
Introduction
Although UK health and safety (H&S) statistics indicate a trend of H&S improvements in the construction industry, the industry still has an unenviable reputation of being one of the worst industries in the UK in respect of H&S performance (cf. HSE, 2011a). Injuries and fatalities associated with construction accidents impose a huge cost on the industry (Pearce, 2003) . For the over two million construction workforce (cf. ONS, 2011) and indeed the wider society all of whom are at risk, this is clearly unacceptable. H&S has become an important objective on construction projects (cf. Office of Government Commerce, 2004) thanks to drivers such as legislation (e.g. the Construction (Design and Management) Regulations 2007 (CDM 2007 and the Health and Safety Offences Act 2008) , efforts of the HSE in prosecuting offenders, and the growing realisation by organisations that their workforce are their most valuable resource (Fellows et al., 2002) . Consequently, this has created the need to implement measures that will reduce the rate of accidents on construction sites. The identification of appropriate measures and the effectiveness of their application however rely on the in-depth understanding of factors influencing accidents on sites. To this end several construction accident causation studies have been undertaken some of which have reported two major hierarchies of accident causal factors namely: underlying/root accident factors and proximate factors (Suraji et al., 2001; Haslam et al., 2005) . It has been highlighted that there is the need to pay attention to the underlying causal factors in order to have sustained improvement in H&S (Haslam et al., 2005; Brace et al., 2009 ). This need is reinforced by the fact that the underlying accident factors emerge from the preconstruction stage of project procurement where project participants have an enormous ability to influence H&S through their decisions and H&S planning (Szymberski, 1997; Brabazon et al., 2000) . Despite the importance of underlying causes of accident to H&S, there has generally been very limited research on these causes (see Appendix 1).
Construction project features (CPFs) being organisational, physical and operational attributes of construction projects, fall in this category of underlying causal factors as they emanate from preconstruction decisions by clients, designers and project managers/planners and contribute to accident causation. Despite the persistent reporting of the accident causal influence of CPFs such as nature of project, method of construction, project duration, level of construction, subcontracting, design complexity, site restriction and procurement system (as summarised by Table I) , not much detailed empirical research has focused on understanding the extent of their causal influence.
[Insert Table I ] Even among the studies which have examined underlying causes of accidents in construction, no specific focus has been accorded to examining the accident causal phenomenon of CPFs (cf. Haslam et al., 2005; Cooke and Lingard, 2011; Behm and Schneller, 2012) . This could be attributed to the inherent difficulties in examining underlying causes of accidents whose influence tends to be latent (cf. Haslam et al., 2005; Bomel Limited et al., 2006; Cooke and Lingard, 2011) . This study therefore assesses the degree of potential of CPFs to influence accident occurrence (i.e. their potential to cause accident/harm in respect of the H&S of worker). In the sections that follow, a review of the accident causal influence of CPFs is presented leading to the posing of hypotheses relating to the degree of potential of CPFs to influence accident occurrence. The methodological approach for testing the hypotheses is then presented together with the arguments in support of the approach. The findings emerging from the data analysis are subsequently presented and discussed followed by the implications of the findings and concluding remarks.
The degree of potential of CPFs to influence accident occurrence Manu et al. (2010) through an extensive review of H&S literature within the construction industry built a robust case to show that CPFs are inherently associated with certain site-based accident causal factors. Based on the systems view of accident causation (e.g. the ConstraintResponse model (Suraji et al., 2001 ) and the ConCA model (Haslam et al., 2005) ) these factors can be considered as being proximate accident factors which are inherently introduced by CPFs to give rise to accidents. From the review by Manu et al. (2010) , it is seen that CPFs have varying degrees of potential to influence accident occurrence. The review also suggests that this is due to a varying extent to which the proximate accident factors associated with CPFs are common/prevalent within CPFs. This implies that the more common/prevalent a proximate factor is within a CPF, the greater the degree of potential of the CPF to influence accident occurrence. This understanding has informed the development of a conceptual assessment of the degree of potential of CPFs to influence accident occurrence as given in Table II. From Table II , for instance, a complex design has greater potential to influence accident occurrence than a simple design due to the greater extent to which difficulty in constructing (i.e. buildability) is common within a complex design than within simple design.
Whilst the comparative assessment in Table II derives from the extant literature, there is no further indication in this literature as to the specific degree of potential of CPFs to influence accident occurrence. Arguably, it is more insightful knowing the specific measure/degree of harmfulness of a CPF than just knowing that one CPF is more harmful than the other, and this is because the CPF which is less harmful could still pose great danger despite it comparatively 4 having less harmfulness. Conversely the CPF with the comparatively greater harmfulness may even not pose any danger as its actual measure of harmfulness may not be dire. Apart from this limitation, the assessment provided by literature (as summarised by Table II) is only confined to CPFs of the same kind (e.g. comparing pre-assembly construction to traditional method of construction) with no mechanism for comparing across different categories (e.g. comparing preassembly to low-level construction). These limitations constitute a gap in H&S literature which requires addressing. Despite these limitations, the insight from Table II can be instrumental in facilitating further empirical studies to augment current understanding of the degree of potential of CPFs to influence accident occurrence, particularly the view that the degree of potential of a CPF to influence accident occurrence is influenced by the extent to which its proximate factor(s) is common/prevalent within it. Taking the conceptualisation a step further, it is argued in Manu et al. (2010; that the degree of potential of a CPF to influence accident occurrence is also influenced by the degree of potential of its proximate factor(s) to influence accident occurrence. This is based on the logic that it is by reason of the proximate factor influencing accident occurrence (i.e. having the potential to cause accidents) that the CPF also influences accident occurrence as a result of its inherent introduction of that proximate factor. This can be likened to the argument by Duffus and Worth (2001) in support of the influence of exposure on risk (Chicken and Posner, 1998; Duffus and Worth, 2001 ) that, regardless of the degree of a hazard if there is no exposure there will be no risk. Synthesising all these arguments, it can generally be conceptualised that the degree of potential of a CPF to influence accident occurrence (represented by 'C') is a combined effect of: the extent to which its proximate factor(s) is prevalent/common within the CPF (represented by 'r'); and the degree of potential of its proximate factor(s) to influence accident occurrence (represented by 'R').
[Insert Table II]
Unlike the degree of prevalence of proximate factor (i.e. 'r') which allows for relative comparison among CPFs of the same kind in terms of their degree of potential to influence accident occurrence (as shown in Table II ), the combined effect of 'r' and 'R' could allow for relative comparison across all CPFs as the combined effect would take into account the direness (in other words the harmfulness) of the proximate factors. This conceptualisation coherently unifies the above arguments and provides the way forward for the empirical verification of the espoused relationships between 'C', 'r', and 'R'. To advance the verification of these relationships two hypotheses can be put forward for testing.
Based on the suggestion in the literature that greater degree of potential of a CPF to influence accident occurrence is due to greater prevalence of proximate factor within a CPF (as summarised by Table I) , it is thus expected that:
The degree to which a proximate factor(s) is common/prevalent within a CPF will be significantly and positively related to the degree of potential of the CPF to influence accident occurrence.
In line with the argument that if a proximate factor has no potential to influence accident occurrence, its associated CPF will have no potential to influence accident occurrence regardless of the degree of prevalence of the proximate factor, it is also expected that: 
Research methodology
A mainly quantitative approach was adopted as this kind of inquiry is well noted for its appropriateness for testing prior formulations (Fellows and Liu, 2008; Creswell, 2009) . Construction accident causation studies have often involved analysis of accident records (cf. Arboleda and Abraham, 2004; Behm, 2005; Hinze et al., 2005; Ling et al., 2009) . However, in the case of this study, the acknowledgement by several researchers that investigating underlying/root causes of accidents (which are upstream of project procurement) using accident records poses difficulties (cf. Suraji et al., 2001; Bomel Limited et al., 2006; Cooke and Lingard, 2011) meant that using accident records was not considered ideal in this study. In order therefore to get reliable data for diagnosing the degree of potential of CPFs to influence accidents, contractor personnel were deemed a potential source of data given that they often witness and/or experience accidents on site. Contractor personnel such as project managers, construction managers, H&S managers, and site managers, commonly work on project sites in management roles and also from their wide industrial experience in construction are likely to be aware of the CPFs being investigated as well as any impact they have on H&S. These professionals were thus targeted in a questionnaire survey to elicit their views on the accident causal influence of CPFs. The use of questionnaires is not uncommon in construction H&S studies (cf. Langford et al., 2000; Kheni et al., 2008; Frontline Consultants, 2011) and in particular construction accident causation studies (cf. Whittington et al., 1992; Hide, 2003) . To aid the development of the questionnaire, an initial phase of semi-structured interviews was conducted. The preliminary use of interviews in this study is similar to the sequential application of interviews and a survey by Langford et al. (2000) in their H&S study. Creswell (2009) hails the utility of such mixed method approach for the development of an instrument to be administrated in a survey.
Phase 1: Interview
11 experienced construction professionals comprising H&S managers, project managers, site managers, a construction manager and a construction H&S consultant were interviewed. Averagely the practitioners have 26 years of experience in construction. The interviews explored the practitioners' experiences and perspectives of the accident causal influence of CPFs thus providing the opportunity to draw out important aspects of this causal phenomenon such as the proximate factors associated with CPFs. The interviews were audio taped and on the average took 60 minutes. The interviews were transcribed verbatim and the transcripts were systematically analysed through iterative re-reading and colour coding of the transcripts using a qualitative codebook derived from the literature (Creswell, 2009 ).
The analysis confirmed that nature of project, method of construction, site restriction, project duration, procurement system, design complexity, level of construction, and subcontracting have accident implications as has been previously reported in literature (summarised in The project features were considered as being underlying accident causal factors with one interviewee (a H&S manager) even referring to them as, "…something that sits behind everything…they are underlying and quite deep underlying root causes". The analysis further revealed that the project features are associated with certain site-based H&S issues which as a result make the project features influence the occurrence of accidents. With regards to restriction of site locality this was associated with difficulty in traffic (pedestrian and vehicle) control around site vicinity. Regarding nature of project, method of construction, site restriction, project duration, procurement system, design complexity, level of construction, and subcontracting, there was congruence between the associated H&S issues drawn from the interviews and the proximate factors identified in the literature (given in Table II ). The interviews thus provided preliminary confirmation of the prior formulations and in conjunction with the literature constituted the basis for the development of the questionnaire for the survey phase.
Phase 2: Questionnaire Survey
From the hypotheses, the questionnaire was designed to measure three variables: 1. the degree of potential of CPFs to influence accident occurrence; 2.
the degree of potential of proximate factors to influence accident occurrence; and 3.
degree to which proximate factors are common within CPFs. The variables were measured using a Likert-type 5-point scale similar to that used in a previous accident causation study (cf. Hide, 2003) . The questionnaire captured the judgment of practitioners regarding the above three variables using close-ended questions/statements (e.g. rate the potential of the listed project features to influence accident occurrence). An open-ended question was also included to solicit general comments on the accident causal influence of CPFs. To be able to gauge the expertise and experience of the practitioners which is important to the credibility of their judgement and hence the research findings, the questionnaire also requested relevant background information relating to the practitioners' expertise and experience in construction (cf. Hallowell and Gambatese, 2009 ). Contractor personnel, especially those in construction management roles (e.g. H&S manager, project manager, construction manager and site manager), were the target source of data. As there is no organised record/database for these professionals, it was considered that a viable means of reaching them would be through their employers' contacts (i.e. contractors). The survey was thus conducted on a sample of contractors randomly drawn from the UK Kompass online directory. A total of 1000 questionnaires were administered electronically (i.e. 420 questionnaires) and by post (i.e. 580 questionnaires) to contractors requesting participation of a professional in construction management role. The survey yielded 187 responses giving a response rate of 18.7%. Following a missing data pattern analysis, 3 responses were excluded for excessive missing data (>50%) (cf. Hair et al., 2010) . The effective sample size for the analysis was therefore 184 responses (i.e. effective response rate of 18.4%). It is reported in Takim et al. (2004) that the response rate norm for questionnaire survey is 20-30%. Although the effective response rate obtained in this survey is slightly lower than the norm suggested by Takim et al. (2004) , this should be weighed against the difficulty in obtaining participation in H&S studies in the UK due to the legalities surrounding H&S in the UK (cf. Gibb et al., 2002) . Even lower response rates have been recorded in other UK based 7 construction management surveys (e.g. 12.2 % response rate recorded by Li et al. (2005) and 5.14% effective response rate recorded by Sutrisna et al., 2005) ).
Analysis:
The ratings by the respondents were aggregated by mean calculation. In order for the mean ratings to be interpreted with any confidence, evidence of significant agreement among the raters/respondents is essential hence the estimation of inter-rater agreement using James et al. (1984) single item inter-rater agreement index (r WG ). Following the recommendation by Cohen et al. (2001 Cohen et al. ( , 2009 ) the r WG values for significant agreement were estimated by running simulations based on a uniform null distribution using a sample size (i.e. group size) of 184 and a number of response items of 5 (i.e. the 5-point scale). To test the hypotheses, regression analysis (ordinary least square) was undertaken given its appropriateness for investigating the existence and nature of relationships between variables (Hair et al., 2010) . In testing hypothesis H1, degree of potential of CPFs to influence accident occurrence (i.e. the outcome variable) and degree of prevalence of proximate factors within CPFs (i.e. the predictor variable) were applied in the regression. To test hypothesis H2, degree of potential of CPFs to influence accident occurrence (i.e. the outcome variable), degree of prevalence of proximate factors within CPFs (i.e. the predictor variable), degree of potential of proximate factors to influence accident occurrence (i.e. the moderator variable) and the product of the predictor and moderator variables (i.e. the moderator effect/interaction term-R x r) were applied in step-wise multiple regression, with the test of moderation being the significance of the interaction term (Baron and Kenny, 1986; Hair et al., 2010) . SPSS v 16 and the R Software were used to aid the analysis. The analysis of the general comments was undertaken inductively using emerging codes (cf. Creswell, 2009 ).
Results

Demographic information
The respondents' roles were: H&S manager (56.52%), construction manager (15.76%), project manager (7.61%), site manager (2.17%), and other construction management roles (17.94%). In terms of highest educational attainment, approximately 50% of the respondents have a Diploma or higher (i.e. Bachelors, Masters Degree or PhD) in a construction related discipline. From the respondents' demographic information, it is evident that the experience and expertise of the respondents is respectable and they are well placed to adequately respond to the subject being studied. Their responses can thus be regarded as important and reliable, and findings drawn from their responses a sound and credible representation of the accident causal influence of CPFs. Table III indicates a summary of the assessment of the degree of potential of the CPFs to influence accident occurrence. The r WG indices indicate significant consensus amongst the respondents with regards to their assessment. This means that the aggregated (i.e. mean) ratings can be considered as being a "good" representation of the respondents' professional judgement of the degree of potential of the CPFs to influence accident occurrence. When the mean ratings are rounded to the nearest point on the assessment scale to ensure conformity with the scale so as to aid interpretation, the eventual overall assessment shows that the CPFs are generally considered as having a high or moderate potential to influence accident occurrence, implying that CPFs generally have a severe or fair potential to cause harm in terms of the H&S of workers.
The degree of potential of CPFs to influence accident occurrence
[Insert Table III] Hypotheses testing Descriptive statistics and r WG indices calculated for the respondents' rating of the degree of potential of the proximate factors to influence accident occurrence and also the degree to which the proximate factors are common/prevalent within CPFs are given in Tables IV and V. The tables also show overall assessments by approximation of the mean ratings to the nearest scale point to aid their interpretation in conformity with the 5-point scales. From this approximation, it is seen that generally the proximate factors have a high or moderate potential to influence accident occurrence (see Table IV ), and the degree of prevalence of proximate factors within the CPFs is low, moderate or high (see Table V ). More importantly, the r WG indices are evidence of significant consensus amongst the respondents and were therefore an indication that the regression analysis using the mean ratings would yield trustworthy results. The output of the regression analysis for hypothesis H1 is given in Table VI . It shows that prevalence of proximate factor within CPF is significantly and positively related to degree of potential of CPF to influence accident occurrence (ß = 0.77, p < 0.001). Prevalence of proximate factor within CPF accounts for 85% of the variance in potential of CPF to influence accident occurrence. In all, the results thus support hypothesis H1 as being true. The output of the regression analysis for hypothesis H2 is given in Table VII . From the step-wise regression only the interaction term was selected for inclusion in the model. The value of R 2 for the model generated is .859, implying that the interaction term accounts for 85% of the variation in potential of CPF to influence accident occurrence. The ß-value of the interaction term being significant (ß = 0.241, p < 0.001) gives evidence of moderation (Baron and Kenny, 1986; Hair et al., 2010) . Also the ß-value being positive indicates a positive relationship as hypothesised. The results therefore support hypothesis H2 as being true.
For the two regression models, four diagnostic checks were run: linearity of the phenomenon measured, constant variance of the error terms, independence of the error terms, and normality of the error term (Field, 2005; Hair et al., 2010) . Linearity of phenomenon and constant variance of error terms were checked by scatter plots of the standardized residuals against the predicted values, and normality of error term was checked by histogram plots and normal probability plots (Field, 2005; Hair et al., 2010) . These plots showed no signs of violation of their respective assumptions. To test for the independence of the error terms, the Durbin-Watson test was used. The Durbin-Watson statistics obtained (as given in Tables VI and VII) are between 1 and 3 indicating that this assumption was also not violated (Field, 2005) .
[Insert Comments on the accident causal influence of CPFs A third of the participants provided brief comments which mainly reflected some of the views expressed in the interview phase. Two CPFs were frequently mentioned as being a major concern within the industry. These are tight project schedules and designs with features which impinge on buildability. Respondents were of the view that quite often little consideration is given by clients and their design and project management teams as to the H&S impact of these features despite relevant requirements under the CDM 2007. In connection to this, CDM Coordinators were portrayed as not being of much influence in advising clients and their design and project management teams on these matters. Some extracts indicating these concerns are: 
Discussion
The generic assessment of the potential of CPFs to influence accident occurrence (given in Table  III ) reveals both expected and unexpected results. The overall assessment of a moderate or a high potential to influence accident occurrence, confirms that CPFs have varying degrees of potential to influence accident occurrence. The overall assessments of: demolition and refurbishment (high) relative to new work (moderate); high level construction and underground construction (high) relative to low level construction (moderate); tight project duration (high) relative to adequate project duration (moderate); multi-layer subcontracting (high) relative to single-layer subcontracting (moderate); complex design (high) relative to simple design (moderate); restricted site (high) relative to unrestricted site (moderate); and restricted site locality (high) relative to unrestricted site locality (moderate), converge with the comparative assessments in the literature (given in Table II ) and also reflect comments from the interviews such as:
"…A complex project brings more risk, a restricted site brings more risk, a tight duration brings more risk and a high rise also brings more risk…" [Project Manager] Surprisingly, the procurement methods all generally have moderate potential to influence accident occurrence despite reports in literature which suggest that design and build and partnering improve H&S as they allow for collaborative working among project team members and hence foster better H&S management (cf. Matthews and Rowlinson, 1999; Brabazon et al., 2000; Hide et al., 2003) . This also contradicts views from the interview phase such as the quote below which support the notion that collaborative procurement methods offer better health and safety outcomes.
"…without doubt, design and build is the safest way to build than tradition contract." [Senior Site Manager]
Another surprising assessment from Table III is that despite the reported H&S benefits of preassembly construction (cf. Wright et al., 2003; McKay, 2010) , it is generally judged as having the same moderate potential to influence accident occurrence as traditional method of construction. This also contradicts views from the interview phase such as the quote below which express that pre-assembly is better than traditional method of construction in terms of achieving good H&S outcomes. The results from the hypotheses testing provide evidence that the degree of potential of a CPF to influence accident occurrence (denoted by 'C') is influenced by: the extent to which its proximate factor(s) is prevalent/common within the CPF (denoted by 'r'); and the degree of potential of its proximate factor(s) to influence accident occurrence (denoted by 'R'). This is supported by the substantial variance (i.e. 85%) that prevalence of proximate factor and the interaction term (i.e. r x R) accounted for in potential of CPF to influence accident occurrence. The results imply that, greater prevalence of a proximate factor within a CPF (i.e. r) coupled with greater potential of the proximate factor to influence accident occurrence (i.e. R) yields greater potential of the CPF to influence accident occurrence (i.e. C). However, a lesser 'r' coupled with a greater 'R', and conversely, a lesser 'R' coupled with a greater 'r', yields a lesser 'C'. Also a lesser 'r' coupled with a lesser 'R', yields a lesser 'C'.
The findings of the hypotheses testing provide some scope for explaining the surprising generic assessments relating to procurement methods and methods of construction. From the overall assessment, it was found that the procurement methods generally have similar potential to influence accident occurrence (i.e. moderate). From Table V , it can also be seen that the degree of prevalence of fragmentation of project team within the procurement methods is also generally assessed as being similar (i.e. moderate) and this conforms with the suggestion that the real cultural change from adversarial relationships to collaborative relationships heralded by approaches like partnering is not being fully embraced (Bresnen and Marshall, 2000; Sullivan, 2006) . A comments from the survey which also reflects this view is that: "Partnering and collaborative working has collapsed. This is having a significant effect on site H&S performance." In view of the supported hypothesis H1 it is thus only consequential that the procurement methods generally have a similar potential to influence accident occurrence as the degree of prevalence of fragmentation of project team within them is also generally similar. Therefore, a plausible reason for the procurement systems having similar potential to influence accident occurrence is that there is also a similar degree of fragmentation of project team within the procurement systems.
Also concerning the surprising generic assessment regarding traditional construction and preassembly, in view of the supported hypothesis H2, one plausible explanation is that it is due to manual handling and mechanical handling generally having similar degree of potential to influence accident occurrence (i.e. moderate) as shown from the overall assessment in Table IV . Given industry-wide mechanisms to address manual handling such as The Manual Handling Operations Regulations 1992 (amended in 2002) and supporting revised industry guidance such as "Getting to Grips with Manual Handling" (INDG143(rev2) (HSE, 2011b) , it is possible that safer manual handling techniques are increasingly being practiced and hence manual handling being generally assessed as having a moderate potential to influence accident occurrence. Again, from Table V it can be seen that the extent to which mechanical handling is common/prevalent within traditional construction and pre-assembly is generally similar (i.e. moderate). Therefore, in view of the supported Hypothesis H1, another plausible explanation for the surprising finding is that it is due to similar extent of mechanical handling within both methods of construction, which perhaps is the result of increasing construction technologies requiring more mechanical means of handling for in-situ construction.
From the general comments, it appears there is concern from some members of the industry (i.e. contractors) that more still needs doing in addressing the H&S impact of CPFs especially during the pre-construction stages. The recurring view that unrealistic project schedules and intricate designs are commonplace raises concern, especially when there are regulations such as the CDM 2007 which place legal obligation on clients to allow sufficient time for all the stages of a project, and also impose legal obligation on designers to take into account the buildability of design.
Overall, despite the emergence of both expected and unexpected findings, a new perspective provided by the study is the specific measure/degree of potential to influence accident occurrence (i.e. moderate or high) resulting from CPFs, and in addition, the insight into the factors which influence this potential. The overall assessment given by this study thus allows for comparison across all CPFs which represents a step forward in understanding the H&S impacts of CPFs. These insights have implications for pre-construction H&S planning and these are considered in the subsequent section.
Implications of findings for pre-construction H&S planning
Seeing that pre-construction H&S planning has a significant influence on the H&S outcomes of projects (Szymberski, 1997; Brabazon et al., 2000) and given that CPFs emanate from preconstruction decisions, the insights given by this study could be useful to pre-construction decision-makers (i.e. client, designers and project planners/managers) in terms of informing decisions which determine CPFs. CPFs which have moderate potential to influence accident occurrence could thus be chosen over those with a high potential to influence accident occurrence. The findings on the degree of potential of CPFs to influence accident occurrence could also provide the necessary stimulus for the industry as a whole to place greater emphasis on addressing CPFs which have a high potential to influence accident occurrence while giving due attention to CPFs which have moderate potential to influence accident occurrence. To this end, the findings could thus inform the allocation of resources and efforts towards devising accident prevention strategies. For example, tight project timescale which has been shown to have a high potential to influence accident occurrence and has been suggested to be commonplace within the industry despite relevant legal requirements should attract the attention of industry stakeholders.
The insight into the factors which influence the degree of potential of CPFs to influence accident occurrence could also be useful to pre-construction decision makers as well as the construction team in providing evidence-based justification for devising and implementing effective risk control measures to mitigate the potential of CPFs to influence accident occurrence. Such risk control measures could be targeted at mitigating the prevalence of proximate factors within CPFs and/or mitigating the potential of proximate factors to influence accident occurrence (i.e. their potential to cause harm). In practical terms, mitigating the potential of proximate factors to cause harm would mean implementing measures which makes proximate factors safer or measures which would make it safe for workers to operate within conditions imposed by proximate factors.
In a broader perspective, the findings reinforce the contribution made by pre-construction project participants to the causation of accidents and thereby also reinforce the importance of mechanisms such as the CDM 2007 which places H&S legal obligations on these project participants in the design, planning and management of projects from the early stage.
Conclusions
Against the background of limited studies on underlying causes of accidents, this study has been undertaken in an effort to close the gap in knowledge regarding the degree of potential of CPFs to influence accident occurrence. Through the application of a mixed method design, this study has provided an assessment of the degree of potential of CPFs to influence accident occurrence which goes beyond the simple comparative assessments among CPFs of the same kind. The assessment given by this study indicates that CPFs generally have a moderate or a high potential to influence accident occurrence meaning they have a fair or severe potential to cause harm in terms of the H&S of workers (and in some cases members of public). It is clearly evident that the accident causal influence of CPFs cannot be underestimated or ignored. From the results of the hypotheses testing, the study has also provided empirical evidence that the degree of potential of a CPF to influence accident occurrence is influenced by: the extent to which its proximate factor(s) is common/prevalent within the CPF; and the degree of potential of the proximate factor(s) to influence accident occurrence. These findings have implications for pre-construction H&S planning in terms of making decisions which determine CPFs and also in terms of devising/implementing appropriate risk control measures. The findings reinforce the contribution of clients and their design and project management teams to accident causation and hence the significance of the early planning of H&S in construction project delivery and the importance of driving mechanisms such the CDM 2007. Considering that the opportune period to influence safety on projects is the pre-construction stage, the insight provided by this research presents an early opportunity for pre-construction project participants, and indeed construction phase participants, to positively influence H&S on projects by effectively managing the accident causal influence of CPFs through pre-construction H&S planning and decision-making which determines CPFs.
Limitations and future work
The study has limitations which need highlighting. Construction accident causation is a complex and multi-faceted phenomenon. Mitigating the accident causal influence of CPFs alone will therefore not automatically yield accident-free projects. Nonetheless, this is important as part of efforts to prevent accidents on construction sites. The complexity of accident causation could manifest through inter-causal relationships among accident factors which could mitigate or aggravate the potential of accident factors to influence accident occurrence. However, in terms of the degree of potential of CPFs to influence accident occurrence, the assessment given by this study are generic independent assessments which do not take into account the effects of potential inter-causal relationships from other causes of accidents. Although an attempt to measure some form of a resultant degree of potential of CPFs to influence accident occurrence which quantifies the effects of all possible inter-causal relationships will be a herculean task (if not impracticable, due to the dynamism of construction activity which would mean dynamic degree of potential of CPFs to influence accident occurrence) it would be worth knowing what potential inter-causal relationships exist. Such knowledge could complement the assessments given in this study in terms of, for example informing the selection or avoidance of certain combinations of CPFs. To this end, it is worth proposing further studies into the accident causal influence of CPFs to explore inter-causal relationships which could transpire in the process of accident causation by CPFs.
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